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Package (VASP) 1, 2 and projected augmented wave (PAW) [3] [4] [5] method (with 5p, 6s and 5d treated as valence electrons for W, 3d and 4s for Co, and 2s and 2p for O). Generalized gradient approximation (GGA) in the Perdew, Burke and Ernzerhof (PBE) 6 parameterization was used to account for exchange-correlation interaction. The Hubbard U parameters (GGA+U) with U=4.5 eV 7 and 6.0 eV 8 for Co and W, respectively, were used to describe the on-site d-electron correlations in CoWO 4 (space group P2/c, No. 13) and WO 3 (space group P6/mmm, No. 191).
For relaxations of bulk WO 3 and CoWO 4 , the cut-off energy of plane-wave basis was set to 520 eV, and integrations over the first Brillouin zone were made using Gamma-centred k-point sets of 448 for WO 3 and 424 for CoWO 4 . With these settings, the total energy was able to converge within 1 meV/atom. Atomic positions were fully relaxed with the energy converged within 10 -6 eV/cell and the force converged to less than 10 -4 eV/Å. Surface calculations used the same cutoff energy and k-point grids as dense as in the bulk calculations (in the case of vacuum direction, only Gamma point was used). Gibbs free energy changes for the four elementary steps of OER were calculated using following equations: 9, 10
where , , , , and are DFT total energies on catalytic surfaces ( 2 ) ( * ) ( * ) ( * ) ( * )
without and with *OH, *O and *OOH, respectively. , , , and are
the Gibbs free energies of the surfaces without and with *O, *OH and *OOH groups, respectively. is the Boltzmann constant and T is temperature (300 K). ZPE is the abbreviation of zero-point energy. S denotes entropy. The entropy and ZPE contributions to the Gibbs free energy change are included in the term of . The used ZPE and
entropy values of gaseous and adsorbed OER species are listed in Table S1 . Binding energy (eV) As shown in Fig. S8a , after accelerated durability test (ADT) of 1000 cycles, the overpotential of WO 3 @CoWO 4 -4 increased by about 13 mV. Notably, negligible difference was observed after another 9000 cycles, revealing its fairly excellent durability performance. The electrochemical double-layer capacitance (C dl ) before and after ADT tests was calculated by measuring CV curves ( Fig. S8b-d ) to estimate the electrochemical active surface area (EASA).
As shown in Fig. S8e , C d1 increased from the initial 5.67 to 7.17 and 8.3 mF cm -2 after 1000 and 10000 cycles, respectively. The results indicated the stability of the active sites, which is beneficial to catalytic performance. The slight enhancement in ECSA might arise from the changes in the valence states of Co (Co 2+ /Co 3+ ) and W (W 5+ /W 6+ ) on the catalyst surface during the ADT tests. 12 The stability of WO 3 @CoWO 4 -4 was also evaluated by measuring
Chronoamperometric response (i-t), which showed a little decay (17%) of J over 16 h (Fig.   S8f ). Fig. S9 a-e) CV tests at different scan rates and f) current density as a function of scan rate. 
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